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A Practical Procedure of Flood Routing
 
By Ven Te Chow, B.Sc., M.Sc., Ph.D.(Eng.) 
Department of Civil Engineering, University of Illinois; U.S.A. 
F LOOD routing isa procedure by which the hydrograph at any point on a stream is determined from a known hydro­
graph at some point upstream. By means of this procedure 
hydraulic engineers are enabled to predict the change of flood 
behaviour in passing through reservoirs and river channels, to 
evaluate the effects in flood modification due to control or pro­
tection works such as the installation of a reservoir or a levee 
system, to estimate the outlook of combined flood when the tribu­
taries are discharging different quantities, and to solve many other 
problems which are of vital imponance in the planning, design, 
and operation of hydraulic engineering developments. Especially 
for flood control projects, without a routing procedure no intelligent 
design of flood relief seems possible. 
Many routing procedures have been developed in the literature 
of engineering hydrology. Most of them involve complicated 
mathematical treatments which are devised to meet the intricate 
phenomenon of flood wave motion in actual streams. However, 
the laboriousness of these methods and the inaccuracies in basic 
data do not fully iustify their use in engineering practice. As a 
result, a much simpler and more practical procedure such as the 
one presented herewith has been proposed by the author (1)*. 
Moreover, this procedure has been employed in an engineering 
office, and the result was found to be very satisfactory (2). 
Assumptions 
To simplify the routing procedure without impairing too 
much the exactness of the results, the following reasonable assump­
tions should be made: 
(1) The stream or channel is considered to be divided into a 
number of reaches which are of comparatively shon length and 
relatively co!1stantcharacteristics. The flood is then routed through 
each reach m tum. In practice the shortest reach is the section 
between two nearest gauge-stations. It is believed that the assump­
tion of constant characteristics has been considered in locating 
the gauge sites. 
(2) The stream flow data are given at equal time intervals called 
the "routing period." Within this period the increase or decrease 
of inflow and outflow is assumed to be uniform. As a common 
rule, the period should be approximately equal to the time of travel 
of the flood wave through the reach. Thus any action at the upper 
station is reflected in a corresponding reaction at the lower end 
of the reach within a given period. For large rivers the flood 
wave is much longer, hence reaches can be longer than for small 
streams. Also the length of the period depends on the precision 
with which the outflow hydrograph must be determined. Usually 
the period chosen in hours is a multiple of six such as six, twelve 
or twenty-four hours. Of course, for more precise results a shorter 
period is preferable. OIl! the other hand it must be remembered 
that the computation work is multiplied when the period becomes 
shorter. 
(3) The storage in the channel' or reservoir is assumed to be a 
function of inflow and outflow. This assumption is almost true 
inthe case of a reservoir, because the length of a reservoir is usually 
short, and hence the variations in the amount of storage due to the 
difference in the rising and falling stages of the flood wave is not 
appreciable. In the case of a channel or stream, the length of reach 
should not be so long as to exaggerate such variations so that 
they become involved in the computations. Theoretically speak­
ing, the length of reach should not exceed the product of the 
TOUting period (sec.) and the average velocity (ft. per sec.) of the 
stream flow in the reach, although it has been found that in many 
practical cases, reaches considerably longer than this criterion 
may be permissible under the assumption just made. 
(4) The flow in the reach is assumed to be at less than the critical 
velocity and unaffected by backwater from lower reaches. 
* .The figures in parentheses refer to the bibliography at the end of 
zhe artrele. 
(5) Within the reach, local accretions due to ungauged tributary 
flows or contributions from ground water or precipitation and 
local decrements due to surface evaporation or subsurface seepage 
are either ignored or to be added to and deducted from the rated 
inflow at the upstream end of the reach, provided in the later case 
the amount of accretions and decrements can be properly evaluated. 
Routing Equation 
Mathematically speaking, routing is simply the solution of 
the equation 
Outflow = Inflow - Change in Storage 
When expressed by symbols, it is 
0= 1- S .... (1) 
in which 0 = Average outflow during the routing period. 
I = Average inflow during the routing period 
S = Change in storage during the routing period, positive 
when the storage is increasing and negative when 
decreasing. 
Now let I" 0, = Instantaneous rates of inflow and outflow at the 
beginning of the first routing period. 
I., O2 =	 Instantaneous rates of inflow and outflow at the 
end of the first routing period or the beginning 
of the second period. 
S, =	 Reach storage at the beginning of the first 
routing period. 
S.	 = Reach storage at the end of the first routing 
period or the beginning of the second routing 
period. 
T = Length of the routing period. 
Therefore, 0 = teO, +02)T, I = t(I, + 1.)T, and S = S.-S,. 
By substituting them into equation (1) and transposing, 
2S,fT - 0, + 1, + 12 = 2S.fT + o. .... (2) 
If I" 1" 0" and O. are expressed in fts/sec (CFS); S, and S. 
in acre-feet (AF); and T, in days; remembering that 1 CFS = 
2 AFD (acre-feet per day) approximately, then equation (2) 
becomes 
S,fT - 0 , + I, + 12 = S2/T + O. •... (3) 
Furthermore, if T = 1 day for most cases, then 
.. S,-O,+.I,+I,.=S2+0. · .... (4) 
This I.S the fundamental routmg equation to be used in this method. 
If T IS not equal to 1 day, then values of S,fT and S.fT should 
be used to replace those of S, and S. in the equation. 
Procedure 
By using the fundamental routing equation (4) the procedure 
of flood routing may be outlined by the following steps: 
PAR! A. Construction of characteristic curves based on any twO of 
the Inflow, the outflow, and the storage data of a historical flood in 
the reach under consideration. The relation given by equation (1) 
enables the third unknown quantity to be computed when the other 
two are known.P) Take the storage in AF as abscissa, and the sum of storage 
In AF and outflow in CFS as ordinate, both abscissa and ordinate 
being in same scale. It should be noted that, according to equation 
(3~, values of. storage ::nd O?tflow are numerically compatible in 
spite of the difference m unit. Draw a straight line of 45° slope 
starting from the origin. This is the "45°line" as shown in Fig. 1. 
(2) Plot the storage S, in AF against 0, + S, in which 
0, is outflow in CFS and S" is storage in AF. The plotted curve 
is the "S-curve" in Fig. 1. 
It should be noticed her: that since the value of storage S, is the 
volume of water stored In the reach or reservoir at the specified 
instant, it is a cumulative value counted from the beginning of the 
first routing period, and its actual unit is in acre-feet as it has 
been divided by T in days. In the case of stream or channel 
routing, the S-curve forms a loop as shown by the dotted line in 
Fig. 1. In the case of reservoir routing, DO loop can be appreciably 
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formed. For a reach of short length, the loop cannot be apparent. 
However, for the purpose of preliminary investigations, wherever 
the loop appears, it can be replaced by an eye-estimated average 
curve as shown by the full line in Fig. 1. 
If the loop is fairly wide or a more exact result is required, 
then a refined procedure of constructing the average S-curve should 
be followed: As shown in Fig. 2, plot a curve of S against S + I 
on the left side of the ordinate axis on whose right side has been 
plotted the S-curve as described above. On both sides, construct 
verticals at the equal abscissae corresponding to a certain storage 
S'. The verticals intercept the curves at points A, B and A', B' 
respectively. The points A and A' are on the rising portions of the 
loops, and B and B' are on the falling portions of the loops. Con­
necting A and A', and also B and B', the point of intersection of 
AA' and BB' is C. Draw a horizontal line from C to the right to 
meet the vertical intercept AB of the S-curve at point C. Then 
C' is the point on lthe average S-curve corresponding to the given 
storage S'. It can be proved that the ordinate of C' is the sum of 
S' and Q, and Q is the rate of flow at a certain section in the 
reach practically unaffected by the rising and falling stages of flood. 
(3) Construct the "image curve" whose abscissa is equal to 
S, - 0,. This I-curve as shown in Fig. 1 is the horizontally 
reflected curve of the 45°-line about the S-curve towards the left. 
PART B. Determination of outflow hydrograph based on the 
characteristic curves of the reach and the given inflow hydrograph. 
The outflow at the beginning of the first routing period is called 
" zero-outflow" or 0 0 , and its value should be given. 
(4) Locate the horizontal intercept AB equal to 0" or zero­
flow 0 0 for the first routing period, between the 45°-line and the 
S-curve. 
(5) Extend AB toward the left to meet the I-curve at C. 
(6) Extend AB toward the right to point D making CD=kf-I,. 
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(7) "Draw the vertical line DE from D upward to meet the 45°­
line at E. 
(8) Draw the horizontal line EF from E to the left to meet the 
S-curve at F. 
(9) Measure the length of EF which is equal to the outflow of the 
reach at the end of the routing period, or 0 a­
(10) Continue the same procedure by starting from point F 
(corresponding to point A in the previous procedure). Successive 
values of outflow can be obtained, and hence the outflow hydro­
graph can be constructed. 
PROOP. 
Extend CD and EF horizontally toward the 1ef1l to meet the 
ordinate axis at H and G respectively. Then, from Fig. 1 
DH = HA-CA + CD 
= ~ - 0 , + 1, + I. 
EG = GF + FE 
=5.+FE 
and DH = EG 
Hence 5, -r--' 0 , + I, + I. = S. + FE . . . . (5) 
Comparing this equation with equation (4), FE should be equal 
to 0 a-
Example 
From the inflow and' 'outflow hydrograph data of a historical 
flood for a given reach, it is required 'to determine the outflow 
hydrograph of the reach due to any given flood. 
In. Table I, the data of historical flood and the computations 
required for constructing characteristic curves are given. In Col. 
(2) of the table the inffow data were made up of three parts: 
the daily inflow at the head of the reach, either gauged or routed; 
the daily inflow from gauged or routed tributaries entering the 
reach; and the local inflow contributed by ungauged tributaries 
and land surfaces draining directly into the stream. The easiest 
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TABLE I 
DATA AND CoMPUTATIONS FOR CONSTRUCTING CHARACTERISTIC 
CURVES FOR 'THE REACH DUE TO A HISTORICAL FLOOD. 
(All quantities in thousands) 
TABLE II 
DATA AND COMPUTATIONS FOR DETERMINING THE OUTFLOW 
HYDROGRAPH OF THE REACH DUE TO A GIVEN FLOOD. 
(All quantities in thousands) 
(1) (2) I (3) I (4) (5) (6) (7) (8) (9)I I 
OutflowInflow Storage 
Given Adj. Av. Change Accum.Given I Av.. (AFD) (CFS) (AFD) (CFD)Date (CFS) (CFS) (AF) 
0 1 S111 °1+S1 11+ 12 O2Is S20 1+02 S2-S1 °2+SI 
March 23 23.6 22.8 18.5 27.5 46.0 
24 80.2 48.0 32.259.5 57.4 29.5 59.7 89.2 
158.5 124.025 164.1 215.9 94.5 91.9 151.6 246.1 
269.6 428.1 211.2 305.726 279.2 122.4 274.0 485.2 
482.027 277.7 268.2 537.8 270.8 55.8 329.8 600.6 
28 195.9 189.2 457.4 229.3 500.1 -42.7 287.1 516.4 
133.9 129.4 318.6 168.5 397.8 -79.229 207.9 376.4 
30 96.1 92.8 222.2 119.7 288.2 -66.0 141.9 261.6 
216.531 71.9 164.7 96.8 -51.8 90.174.5 186.9 
64.5 161.3April 1 58.9 56.8 128.7 -32.6 57.5 122.0 
50.246.8 45.1 101.9 114.7 -12.82 44.7 94.9 
37.338.8 82.4 40.0 90.2 -7.83 36.9 76.9 
32.8 70.1 34.0 74.034.0 -3.94 33.0 67.0 
30.7 62.4 30.4 -2.05 29.6 64.4 31.0 61.4 
27.6 26.6 56.2 28.0 58.4 -2.26 28.8 56.8 
25.0 24.1 50.7 26.2 54.2 -3.57 25.3 51.5 
1512.1Total 1566.3 1512.1 I I 
way to evaluate local inflow is to compute from plots of storms 
the runoff due to the rainfall over the area draining directly into 
the reach. Since the total outflow from any particular flood must 
be equal to the total inflow, the sums of values in Cols. (2) and (5) 
should agree, the data having included all values for the days 
during which runoff from the storm appeared in the reach. How­
ever, as it is usually the case, they do not exactly agree; Take the 
total outflow of Col. (5) as the true total, because there is a greater 
chance of error in computing inflow owing to local inflow accre­
tions. Values of Col. (2) are then multiplied by the ratio of the 
sum of Col. (5) to the sum of Col. (2), or 1512.1/1566.3 = 0.9654, 
in order to get the adjusted inflow values in Col. (3). In Col. (4) 
the sums of the inflows at the beginning and at the end of each 
routing period, or 11 + 12, are listed; e.g., the first entry 80.2 = 
22.8 + 57.4; the second entry 215.9 = 57.4 + 158.5; and so on. 
Similarly, for outflows, the values of 0 1 + O2are listed in Col. (6). 
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Fig. 4. Outilos» and inflow hydro graphs constructed from the data in 
Table II. 
(1) (2) I (3) , (4) I (5) 
Inflow Outflow 
Date 
(Day) 
Given 
(CFS) 
Av. 
(AFD) 
Routed 
(CFS) 
Adj. 
(CFS) 
11 
12 11+ 12 
°1O2 
0 1 
O2 
1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 
10th 
11th 
20.0 
113.2 
180.0 
71.0 
40.5 
32.0 
25.0 
22.5 
20.0 
19.0 
17.5 
I 
j 
133.2 
293.2 
251.0 
111.5 
72.5 
57.0 
47.5 
42.5 
39.0 
36.5 
20.3 
65.0 
129.0 
126.0 
70.0 
40.0 
29.0 
24.0 
21.0 
19.5 
18.9 
20.3 
64.8 
128.8 
125.8 
69.8 
39.8 
28.8 
23.8 
20.8 
19.3 
18.7 
Total 560.7 562.7 560.7 
The difference between the values of Col. (4) and Col. (6) represents 
the change in storage, or from equation (4), S2 - S~ = (11 + 12) 
- (01 + O2), and is entered in Col. (7) in which the positive 
values indicate that the storage is increasing, and negative values 
indicate that the storage is decreasing. Col. (8) gives the accumu­
lated storage computed from the values in Col. (7). The first 
entry of this column, 27.5, was the storage in the reach on March 
23, before the flood began. The sum of values in Col. (5) and 
Col. (8), or 0 1 + Sl' is entered in Col. (9). 
Using the values of Cols. (8) and (9) and following the given 
procedure of 'the method, the characteristic curves as shown in 
Fig. 3 were constructed. 
In Table II, the inflow hydrograph data of a given flood 
are listed in Cols. (1) and (2). The data in Col. (2) gives the 
total inflow including inflows from main stream, tributaries, and 
by local contributions. In Col. (3) the values of 11 + 12 are 
entered. In Col. (4) the zero-outflow 0 0 = 20.3, was given as 
the first entry. Other values of outflow were obtained from the 
characteristic curves in Fig. 3 according to the given procedure. 
Outflow values, except the given zero-outflow, were adjusted 
and entered in Col. (5) in order to make the total inflow and the 
total outflow balance. In Fig. 4 are shown the inflow and outflow 
hydrographs which are constructed by using values in Cols. (1). 
(2), ~d (5). 
Conclusions 
The greatest advantage of this procedure of flood routing is its 
simplicity and practicability. The amount of work required for 
computations and curve plotting has been reduced to a minimum. 
After a little practice the computer may soon find that a large error 
in the value of zero-outflow will cause only a negligible influence 
in the resulting hydrognaph, therefore the zero-outflow may be 
easily estimated without introducing any subsequent error. 
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